Background {#Sec1}
==========

Most definitions of resilience emphasize two elements as crucial \[[@CR1]--[@CR3]\]. First, an input perspective: the (subjective) exposure to risk and adverse circumstances, which can vary from moderate to extreme risks environments. The second element of a resilience definition is in respect to an outcome perspective, studying whether coping mechanisms lead to outcomes within or above the expected range. According to Rutter, the concept of resilience has to be considered on the basis of evidence of risk and protection \[[@CR4]\]. Particularly during the last two decades, there has been a marked tendency for researchers, clinicians, and policy makers to shift their focus from risk to resilience, whereby resilience represents the interaction between risk factors (vulnerability) and resources (protection) \[[@CR5]\]. This should be assessed by comparing the outcome to a context specific reference group (e.g. same age group, social and cultural context, etc.) \[[@CR6]\].

The Brief Resilient Coping Scale (BRCS) is a 4-item measure designed to capture tendencies to cope with stress in a highly adaptive manner \[[@CR7]\]. The BRCS has adequate internal consistency (*r* = .76) and test-retest reliability (*r* = .71). Convergent validity of the scale is demonstrated by predictable correlations with measures of personal coping resources (e.g., optimism, helplessness, self-efficacy), pain coping behaviors, and psychological well-being \[[@CR7]\]. So far, the BRCS was used in specific samples, such as medical students \[[@CR8]\], in patients with systemic lupus \[[@CR9]\], the U.S. military \[[@CR10]\], or nursing students \[[@CR11]\]. The BRCS showed to be a suitable one-dimensional scale for measuring resilience in patients with systemic lupus \[[@CR9]\] and demonstrated psychometric robustness adequate for continued use in older populations \[[@CR12]\]. Lopez-Pina et al. suggested that the BRCS might be useful for clinicians to obtain information concerning the degree of resilience that each patient has, allowing individuals with low resilience to be identified who need interventions aimed at developing coping skills \[[@CR9]\]. Medical students reported higher scores of resilient coping compared to validation samples and results in other studies \[[@CR8]\]. The relationship between coping and resilience among U.S. military active service members and veterans, was investigated in order to identify the coping strategies used by those considered most resilient, and to discuss coping and resilience as they relate to the workplace \[[@CR10]\]. The study identified resilient coping strategies of the U.S. service members and veterans who had less high resilience scores.

One recent study confirmed the buffering effect of resilience in a representative sample in the German general population \[[@CR13]\]. High trait resilient subjects showed less distress and somatoform symptoms despite reported childhood adversities in comparison to those with low resilient coping abilities.

The normative data of the underlying study may provide a framework for the interpretation and comparisons of resilient coping with different other populations. The objectives of the present study were hence to generate normative data for the BRCS for different age groups for men and women and to further investigate the construct validity and factor structure in a general population.

Methods {#Sec2}
=======

Study sample {#Sec3}
------------

A nationwide survey, representative of the German general population, was conducted with the assistance of an institute specialized for demographic research, USUMA, Berlin; <https://www.adm-ev.de/index.php?id=76&L=1> following the ADM-Sampling-System (F2F):

The ADM-Sampling-System (F2F) is designed as an area sample covering all populated areas of Germany. It is based on Germany's topology, organized by states, counties and communities, the statistical areas within communities described by public data, and the geographical data created for traffic navigation systems. Combining these data, the area sample is made up of about 53,000 areas, each containing at least 350 but on average about 700 private households. Prior to sampling, the areas are first regionally stratified according to counties and so-called BIK types1) resulting in some 1500 strata. Based on this stratification, 128 "nets" are extracted containing 210 areas in former West Germany and 48 in former East Germany. These 258 sampling points (= areas) are drawn proportionally to the distribution of private households. For optimal utilization of the stratified sampling frame, sampling is done using the method for random allocation developed by L. H. Cox.2) The key advantage of this method is that it leads to stratified samples without any accumulation of rounding effects. As one area is drawn for one net only and rounding effects are minimized by the Cox allocation, any selected net may be combined with any other selected net, without issues such as differing selection probabilities or too high rounding differences arising. The ADM-Sampling- System (F2F) provides member agencies with as many nets as they need to carry out their surveys. In the second step, and where necessary in the third step too, the private households (2nd step) and within them the individuals (3rd step) to be polled, are selected randomly using systematic selection methods with a random start. Such methods are known as "random walk", "address listing with random selection", "Kish tableau", "next/last birthday" and others. (These two steps are performed by the agencies themselves).

Since the sampling is done randomly in all three steps (area sampling, household selection, selection of target persons), this method for face-to-face surveys is based entirely on random sampling. Therefore surveys based on this ADM-Sampling-System (F2F) fully meet the scientific requirements regarding randomization based on statistical theory.

The ethics committee of the University of Leipzig approved the study. All adult participants provided their written informed consent to participate in this study and the data to be published. Also, written informed consent from the next of kin, caretakers, or guardians on behalf of the minors/children enrolled in the study was obtained. These consent procedures were approved by the ethics committee.

The basic population for the data collection is made up of the German population aged at least 14 years and living in private households in 2006 (*N* = 2508).

The survey was carried out by professional interviewers. Within each wave, from the demographic consultation company (USUMA, Berlin), a representative sample of the German population aged 14 years or older was approached using 258 sample points. Addresses were selected according to the random route procedure. Two callbacks had to be without success before an address was considered a failure. The households and members of these households were selected via random-route procedure. This randomized sampling procedure consisted of sample points, household, and persons in the last stage. Target households within the sample points were determined using the random-route procedure: choosing sample point areas within Germany, randomly choosing households within these areas, and randomly choosing target persons within these households. There was only one person chosen within each household. The study participants were asked to fill in a set of several questionnaires on mental and physical health, including the BRCS within a face-to-face interview (Additional file [1](#MOESM1){ref-type="media"}).

Instrument {#Sec4}
----------

### Resilient coping (BRCS) {#Sec5}

The BRCS has adequate internal consistency (α=.76) and test-retest reliability (*r* = .71). Resilient coping is conceptualized as to cope with stress in a highly adaptive manner, using a 5-point Likert scale "from '1' = *describes me not at all* to '5' = *describes me very well*". The items are the following:*I look for creative ways to alter difficult situationsRegardless of what happens to me, I believe I can control my reaction to itI believe that I can grow in positive ways by dealing with difficult situationsI actively look for ways to replace the losses I encounter in life*

The sum score varies between 4 to 20. Further information on the German Version of the BRCS was reported elsewhere \[[@CR14]\].

Statistical analysis {#Sec6}
--------------------

As measure of the test's reliability, Cronbach's alpha was calculated. Effect sizes were calculated according to Hedges & Olkin \[[@CR15]\]. In the socioeconomic categories *gender, cohabitation, and unemployment* the first subgroup (e.g. male) was used as a reference group to compute effect sizes. In the socioeconomic categories *age, marital status, education, and income* with more than two subgroups, the total sample SD was used to compute effect sizes instead of a pooled SD to put values on a comparable metric.

To determine the number of factors in the BRCS, an exploratory factor analysis (EFA) was conducted, followed by a confirmatory factor analysis (CFA). For this purpose the study population was split into two nearly equal sized random samples (N 1~EFA~ = 1.267; N 2~CFA~ = 1.234) in a first step, followed by EFA and CFA with separate samples.

For the EFA the principal axis factors method was applied and a total of four different indicators were used to identify the factor structure of the BRCS: Kaiser Guttman criterion, scree-plot, Velicer's minimum average partial (MAP) test \[[@CR16]\], and Horn's parallel analysis (PA; Horn, 1965). The MAP test is based on the averaged partial correlations of the variables under study after extracting the effect of the factors successively in order to their eigenvalue. In each step the average squared partial correlations between the items are computed, and the number of factors to retain is determined by the step that resulted in the lowest average squared partial correlation \[[@CR17]\]. PA focuses on extracting Eigenvalues from random data sets that have the same number of variables and cases compared to the original raw data. This procedure is based on the idea that factors of real data should have larger eigenvalues that those extracted from random data. Therefore, only those factors should be retained in the real data whose eigenvalues are greater than those of the random data \[[@CR17]\].

Consequently, the factorial structure of the BRCS was tested using CFA, calculated with AMOS© 23, to compute details on the model fit and to test the invariance of the model across gender and age. For this purpose covariance matrices were used, and each model was estimated with the maximum likelihood method approach. The fit of the model was evaluated on the basis of the following model fit indices: χ^2^; the comparative-fit-index (CFI); standardized root mean square residual (SRMR); the root mean square error of approximation (RMSEA); the Tucker-Lewis Index (TLI) and the Goodness-of-Fit Index (GFI). For a good model fit, the ratio CMIN/DF should be as small as possible \[[@CR18]\]; values of TLI, CFI and GFI close to 0.95 or higher are indicative of a good model fit. Furthermore, RMSEA should be less than 0.08, and SRMR should be 0.05 or smaller.

Additionally, further analyses were conducted to test the invariance of the model across gender and age using multi-group CFA. This is an important statistical condition before means of different subgroups can be compared with each other \[[@CR19]\]. After testing the factorial structure in each subgroup, measurement invariance was tested in three steps using first the configural model (no constraints), followed by a metric invariant model (item loadings constrained to be equal across groups), and a scalar invariant model (item loadings and item intercepts simultaneously constrained to be equal across groups). Due to the hierarchy of these nested and increasingly restrictive models, the models were then compared to each other. Since the χ2 statistic has often been criticized for its sensitivity to sample size, we focused mainly on the difference ΔCFI. Values equal to or smaller than .01 indicate the invariance of the model \[[@CR20]\]. Further, to avoid the problem of selecting a marker variable that is potentially not invariant, the variance of the latent variable was fixed to 1.0 (and the mean was fixed to 0.0) for scaling purposes \[[@CR21]\].

The percentiles were calculated according to the following formula \[[@CR22]\]: percentile rank = 100\* (m + 0.5 k)/N, where m is the number of members of the sample obtaining a score lower than the score of interest, k is the number obtaining the score of interest, and N is the overall normative sample size.

Results {#Sec7}
=======

Sample characteristics {#Sec8}
----------------------

Of the 4386 addresses selected, 4360 proved valid. A total of 2508 persons agreed to participate, provided verbal informed consent, and completed the study questionnaires. The response rate among those individuals who were asked to participate by the interviewers was 57.5%. The main reasons for non-participation (42.1%) were: the general information request was refused (13.6%), the interview request was refused (12.4%), or there was no one at home for three times in a row (12.9%), or other reasons, e.g. illness, vacation etc. (3.2%).

There were significant gender, age, marital status, education level, employment status, and income effects in the general population associated with a higher BRCS score. Yet, as noted in Table [1](#Tab1){ref-type="table"}, the calculated effect sizes were small for all sociodemographic groups.Table 1Demographic characteristics of the study sample and associations with BRCS scoresN (%)BRCS\
M (S.D.)Group\
differences\
*P* valueCohen's *d*,\
effect-size^a^Gender*P* \< .05*d* = 0.09 Male1174 (46.8)**14.9** ^b^ **(3.3)** Female1334 (53.2)14.6 (3.1)Age group, yr.*P* \< .001*d* = 0.03 14--24257 (10.2)14.4 (3.3) 25--34360 (14.4)14.9 (3.2) 35--44382 (15.2)15.1 (3.3) 45--54445 (17.7)15.0 (3.0) 55--64454 (18.1)**15.2 (2.9)** 65--74381 (15.2)14.4 (3.2)  ≥ 75229 (9.1)13.4 (3.3)Cohabitation*P* \< .001*d* = 0.01 Yes1315 (52.4)**15,0 (3.0)** No1193 (47.6)14.4 (3.3)Marital Status*P* \< .001*d* = 0.02 Married1112 (4.3)15.0 (3.0) Separated64 (2.6)**15.7 (3.2)** Single705 (28.1)14.7 (3.3) Divorced351 (14.0)14.6 (3.3) Widowed276 (11.0)13.7 (3.2)Education*P* \< .000*d* = 0.04 None67 (2.7)12.7 (4.0) High School1810 (72,5)14.6 (3.2) College323 (12,9)15.4 (3.0) University220 (8.8)**16.2 (2.6)** Currently Student78 (3,1)13.8 (3.5)Unemployment*P* \< .05*d* = 0.02 Yes142 (5.7)14,1 (3.5) No2366 (94.3)**14.8 (3.2)**Net household income*P* \< .001*d* = 0.02  \< 1250 €/month593 (23.6)14.1 (3.5) 1250- \< 2500 €/month1146 (45.7)14.7 (3.1)  ≥ 2500 €/month769 (30.7)**15.3 (3.1)**^a^Cohen's defined effect sizes as follows: "small, d = .2", "medium, d = .5", and "large, d = .8"^b^Bolded means in the table represent the subgroups with the highest mean score

Factor analyses {#Sec9}
---------------

The results of the EFA clearly indicate a unidimensional solution with one factor. The Kaiser Guttman criterion (eigenvalues \> 1) resulted in one factor with an eigenvalue of 2.48, accounting for 62% of the variance. Factor loadings of the unrotated component matrix varied between .72 and .85 (Table [2](#Tab2){ref-type="table"}).Table 2Factor loadings derived from EFA using principal axis factors method (unroated component matrix) *N* = 2508ItemUnrotated solutionComponent 1*I look for creative ways to alter difficult situations*.816*Regardless of what happens to me, I believe I can control my*\
*reaction to it*.758*I believe that I can grow in positive ways by dealing with*\
*difficult situations*.853*I actively look for ways to replace the losses I encounter in life*.718

The visual evaluation method of the scree-plot indicated one factor, too (figure not shown). Additionally, MAP test (Velicer, 1976) and PA (Horn, 1965) indicated a unidimensional scale structure. Results are shown in Table [3](#Tab3){ref-type="table"}.Table 3Results of minimum average partial test and parallel analysis (*N* = 2508)FactorsMAP testPA EigenvaluesAverage squared partial correlationsRaw dataRandom data^a^0.24821.11652.48271.09642.3944.67661.040831.45801.00044.3827.9678*MAP* Velicer's minimum average partial test, *PA* parallel analysis^a^Eigenvalues corresponding to the 95th percentile of the distribution of random data eigenvalues, which are based on 1000 random data sets

Consequently, a unidimensional model was tested in the CFA. Results are shown in Table [4](#Tab4){ref-type="table"}. Results of CFAs clearly indicate a good model fit with one exception: the χ^2^-Test was significant with *p* = .011. Since the χ^2^-Test is sensitive to sample, it would always lead to a rejection of a model examined in big samples like. Thus, regarding all fit indices synoptically, the unidimensional model tested here fits the empirical data very well. Factor loadings ranged between .61 and .80.Table 4Summary of fit indices of the unidimensional factor modelχ ^2^ (df)CFISRMRRMSEA (CI)TLIGFIOne-factor model8.987 (2).995.015.053 (.022--.091).984.996*df* degrees of freedom, *CMIN/DF* minimum discrepancy, divided by its degrees of freedom, *CFI* comparative-fit-index, *SRMR* standardized root mean square residual, *RMSEA (CI*) root mean square error of approximation (confidence interval), *TLI* Tucker-Lewis Index, *GFI* Goodness-of-Fit Index

Furthermore, the invariance of the one-factor model was tested for the whole sample across gender and six age groups. Results of the measurement invariance tests are shown in Table [5](#Tab5){ref-type="table"}.Table 5Tests for invariance across gender and age groups for the whole study sample (*n* = 2.508)Nχ ^2^ (df)Δ χ ^2^Δ *p*CMIN/DFCFIΔ CFIRMSEAΔ RMSEAGender Men1.17128.508 (2)14.254.982.106 Women1.33016.831 (2)8.415.989.075Multigroup analysis Configural model45.340 (4)11.335.986.064 Metric model53.155 (8)7.815.0996.644.984.002.048.016 Scalar model82.542 (12)29.388\<.0016.879.975.009.049.001Age 14--29 years4440.209 (2)0.10410 30--39 years3302.908 (2)1.454.998.037 40--49 years44729.243 (2)14.621.950.175 50--59 years46610.147 (2)5.073.985.094 60--69 years39316.285 (2)8.142.957.135  ≥ 70 years4218.740 (2)4.370.986.090Multigroup analysis for all age groups Configural model67.528 (12)5.627.980.043 Metric model96.920 (32)29.393.0803.029.977.003.029.014 Scalar model239.290 (52)142.370\<.0014.602.933.044.038.009Multigroup analysis for all age groups except 14--29 years and ≥70 years Configural model58.577 (8)7.322.972.062 Metric model73.271 (20)14.694.2593.664.971.001.040.022 Scalar model101.076 (32)27.805.0063.159.962.009.036.004

As the index of ΔCFI indicates, this model can be assumed metric and scalar invariant across males and females. Regarding the invariance tests across six different age groups metric invariance can be confirmed, but due to ΔCFI \> .01 scalar invariance could not be confirmed. Following the procedure of Gregorich (2006) to test for partial invariance did not reduce ΔCFI smaller than .01. Exploring the intercepts of all age groups revealed that the age groups of 14--29 years and ≥70 years had lower intercepts in all items except for item 3 compared to all other age groups (data not shown). Therefore, measurement invariance was tested again for all age groups except 14--29 years and ≥70 years. Results clearly indicate metric and scalar invariance across these four age groups (Table [5](#Tab5){ref-type="table"}).

Internal consistency {#Sec10}
--------------------

The parameter of internal consistency (Cronbach's α) for the BRCS scale reached the value of α =0.78.

Normative data {#Sec11}
--------------

Table [6](#Tab6){ref-type="table"} summarizes the normative data for the different age levels and both genders. Percentiles from this table can be used to compare an individual subject's BRCS score with those determined from the general population reference group based on age and gender.Table 6Normative data from the general population for the BRCSTotalMenWomen14--92 y\
*N* = 250814--24\
*n* = 13425--34\
*n* = 15235--44\
*n* = 18045--54\
*n* = 21355--64\
*n* = 22565--74\
*n* = 177≥75\
*n* = 9314--24\
*n* = 12325--34\
*n* = 20835--44\
*n* = 20245--54\
*n* = 23255--64\
*n* = 22965--74\
*n* = 204≥75\
*n* = 136MS.D.Sum ScorePercentile^a^40.21.1.7.60.7------.8.5.5------1.150.6--------.7.6----1.21.0----.5--60.92.7------------1.6--1.5.4----2.271.5--1.32.21.422.01.42.3--2.5--1.1--1.73.783.04.63.04.42.13.43.45.13.33.93.02.0.73.75.694.96.84.95.85.04.55.49.66.25.65.23.01.35.78.9108.211.46.96.99.56.39.415.79.07.88.04.62.411.817.81112.716.310.29.713.08.714.519.715.210.512.99.16.320.027.41219.523.117.415.318.713.419.327.524.217.218.416.514.426.939.31327.933.726.021.126.820.128.139.332.427.224.623.225.633.753.31438.044.735.530.037.228.840.649.442.639.034.831.434.542.964.81549.454.646.741.748.140.451.159.651.251.249.043.347.255.272.61662.469.357.252.558.556.363.472.562.364.563.460.461.167.581.51775.783.369.465.372.372.877.382.077.577.274.476.075.379.390.41884.688.679.676.983.484.285.584.887.785.183.685.384.188.494.41990.392.487.283.988.690.291.887.692.289.591.392.689.193.897.82096.397.495.793.395.396.097.794.596.795.697.398.195.698.099.6^a^Percentiles indicate the rank of the subject compared to other subjects of the same age group and gender

Discussion {#Sec12}
==========

Regarding the factor structure of the BRCS, results of EFA and CFA clearly support the assumption of the BRCS to be unidimensional, representing one latent factor. On the subject of the measurement invariance test, metric and scalar invariance across males and females could be confirmed. Concerning the six different age groups examined in the present study, metric invariance could be confirmed, but scalar invariance could not be confirmed across all groups. Thus, from a statistical perspective, mean comparisons including persons aged 14--29 as well as ≥  70 years and persons aged 30--69 should be interpreted with caution. Overall, in studies that used resilience scales, age effects turned up when the samples had a broader age range and they were less likely to turn up in samples of a narrower age range \[[@CR23], [@CR24]\].

An additional main result of this study was the standardization of the BRCS with the provision of normative data from the general population for different age and gender groups. Given that age and gender specific comparative data were generated based on subgroups consisting of *N* = 93 to *N* = 232 subjects each, the sample sizes were sufficient to compute normative data. Resilience scores varied according to gender, similar to other recent studies \[[@CR25], [@CR26]\], yet the effect size was small, likewise reported elsewhere \[[@CR24], [@CR27]\].

The obtained findings could be further utilized as reference categories in community studies and health care settings \[[@CR1], [@CR4]\]. For the communities, promotion of resilience gains more and more significant importance in terms of a healthy, well-educated population \[[@CR28]\]. A potential limitation of this general population study is that it is a cross-sectional study which does not allow for interpretations of causality or possible mediator effects. Further longitudinal evaluations of the BRCS are necessary to demonstrate its performance also in different clinical target populations.

With the present study that assesses the BRCS in a representative sample of the general population, this instrument can be assumed to have good internal consistency and the provision of norm values allow comparing the results of further studies with age and gender specific norms of the general population.

Conclusion {#Sec13}
==========

The normative data provide a framework for the interpretation and comparisons of resilient coping with other populations. Results demonstrate a special importance of age in the understanding of resilience.
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